A chemical investigation of the MeOH extract of a marine sponge Haliclona (Reniera) sp., collected off the coast of Ulleung Island, Korea, led to the isolation of thirteen new cerebrosides (1-3, 5-14), along with a known analogue (4). Their structures were elucidated on the basis of 1D and 2D NMR spectroscopy, MS spectrometry, and chemical method. The major new features of these glucocerebrosides are C 15 and C 19 acyl chains, long (C 24 -C 28 ) acyl chains, or the S-configuration of the acyl chains. It is noteworthy that both R-and S-configurations of the acyl chains were observed in the same specimen.
Sponges of the genus Haliclona have been extensively studied and afforded around 200 compounds belonging to different chemical classes. These compounds include the cytotoxic tertiary alkaloids haliclonacyclamines, 1) antifungal pentacyclic alkaloid papuamine, 2) antitumor alkaloid manzamine, 3) and anti-inflammatory cyclic depsipeptides halipeptins, 4) to name a few. In our previous study on the marine sponge Haliclona (Reniera) sp., we reported the isolation and structure elucidation of eight new cerebrosides 5) and a new sphingosine 6) obtained from the MeOH extract. Cerebrosides and sphingosine derivatives have been isolated from diverse natural sources, including plants, 7) marine sources, 8) microorganisms, 9) and human. 10) Phytosphingosine type cerebrosides are reported to exhibit bioactivities such as the antitumor, 11) antiviral, 12) inhibition of histidine decarboxylase, 13) cytotoxicity, 14) and antifungal activity. 14) In a continuing study on the same sponge, fourteen phytosphingosine type cerebrosides (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) were isolated from the n-hexane layer. Nine (1-9) of them contained saturated acyl chains, while five (10) (11) (12) (13) (14) possessed unsaturated acyl chains. Their structures were established on the basis of NMR and MS analyses, and chemical methods. Some of the cerebrosides (1, 3, 5, 7, 11, 12) contained unusual acyl chains with S-configuration. It is interesting to isolate epimeric pairs (1 : 2, 3 : 4, 5 : 6, 7 : 8) from the same specimen. Herein, we report isolation and structural characterization of cerebrosides from a marine sponge Haliclona (Reniera) sp.
The brine shrimp-active MeOH extract (LD 50 126 mg/ml) of the sponge was partitioned between CH 2 Cl 2 and H 2 O. The CH 2 Cl 2 layer was further partitioned between aqueous MeOH (LD 50 27 mg/ml) and n-hexane (LD 50 45 mg/ml). Separation of the n-hexane layer by medium pressure liquid chromatography (MPLC) on a normal-phase flash column yielded 20 fractions. Fraction 16 was found to contain sugar moieties as observed in 1 H-NMR spectra, and was subjected to repeated HPLC chromatographic separation using ODS column to yield nine cerebrosides (1) (2) (3) (4) (5) (6) (7) (8) (9) . And the mixture of fractions 10 to 15 afforded five analogues (10) (11) (12) (13) (14) through HPLC separation using the same condition as for fraction 16 . Their structures were defined using NMR ( 1 H, 13 C, correlation spectroscopy (COSY), heteronuclear single quantum correlation (HSQC), heteronuclear multiple bond correlation (HMBC), and total correlation spectroscopy (TOCSY)) and MS analysis, optical rotation data, and chemical method.
Renieroside C 1 (1) was obtained as a white, amorphous solid. Its molecular formula was assigned as C 39 H 78 NO 10 C-NMR data, the carbon resonances appeared at 103.5 (C-1Љ), 73.8 (C-2Љ), 77.0 (C-3Љ), 70.5 (C-4Љ), 77.0 (C-5Љ), and 61.5 (C-6Љ), revealing the presence of a b-glucopyranoside.
15 17) Thus, the fatty acid moiety was deduced to be (2S)-2-hydroxypentadecanoic acid. On the basis of the above mentioned data the structure of 1 was defined as
The molecular formula of renieroside C 2 (2) C-NMR data. The NMR data of 2 was found to be essentially identical to those of 1. Methanolysis of 2 gave rise to a saturated FAME, which was analyzed to have the same molecular weight as that of 1 (C 16 
Presence of both epimeric forms (1, 2) in the same specimen is noteworthy. R-Configuration of a-hydroxyl group of the acyl chain is common in nature. However, the S-configuration is rare. Therefore, it was tried to confirm the configuration by Mosher's method 18) using compounds 10 and 11. However, the adjacent multiplet methylene protons were crowded and not well resolved preventing accurate assignment.
The gross structures of compounds 3-9 were defined to be analogous to compound 1, except differences in the length of acyl chains and the configuration of the hydroxyl group. The acyl moieties of compounds 3 and 4 were characterized as (2S)-2-hydroxyhexadecanoic acid and (2R)-2-hydroxyhexadecanoic acid, respectively, on the basis of analysis of the FAMEs thereof (FAME of 3:
ϩ3.8; FAME of 4:
Ϫ6.0). The molecular structure of 4 (renieroside C 4 ) has been previously reported from the starfish Linckia laevigata. 19) Similarly, the structures of the acyl moieties of compounds 5-9 were defined as (2S)-2-hydroxyheptadecanoic acid, (2R)-2-hydroxyheptadecanoic acid, (2S)-2-hydroxyoctadecanoic acid, (2R)-2-hydroxyoctadecanoic acid, (2R)-2-hydroxynonadecanoic acid, respectively (see Experimental).
Due to the paucity of individual samples, stereochemistry of the sphingosine and glucose units was determined by using a mixture of 1-9. Methanolysis of the mixture followed by silica-gel column chromatography afforded sphingosine base and methyl glucoside.
1 H-and 13 C-NMR data ( Fig. 2 ) of the tetraacetyl derivative of the sphingosine base together with its specific rotation (Table 3 ) allowed the assignment of (2S,3S,4R) stereochemistry. 20) The specific rotation of the methyl glucoside ([a] D 27 ϩ47.6, MeOH) indicated a D-configuration. 21) Renieroside C 10 (10) was obtained as a white amorphous solid. Its molecular formula was assigned as C 48 H 94 NO 10 on Table 1. 1 H-and 13 C-NMR Data of 1 (CD 3 OD, 500 MHz) ϩ ion at m/z: 419. Allylic cleavages were observed as enhanced peaks at m/z: 319 and 265, indicating the location of the double bond at C-15Ј (Fig. 3) . The geometry of D 15Ј was assigned as Z on the basis of chemical shifts of allylic carbons C-14Ј and C-17Ј, which appeared at d C 28.0. 22) The optical rotation of the FAME ([a] D 27 Ϫ5.82, CDCl 3 ) indicated it as the R isomer. 21) On the basis of these data, the fatty acid moiety was deduced to be (2R,15Z)-2-hydroxytetracos-15-enoic acid. Therefore, the structure of compound 10 was defined as
The molecular formula of renieroside C 11 (11) 17) The acyl moiety was defined as (2S,16Z)-2-hydroxypentacos-16-enoic acid. The location of the double bond was determined by FAB-CID-MS/MS analysis of the [MϩNa] ion at m/z: 433. Allylic cleavages were observed as enhanced peaks at m/z: 333 and 279, indicating the location of the double bond at C-16 (Fig. 3 ). All these data were in agreement with the proposed structure of 11
The gross structures of compounds 12-14 were defined to be analogous to compound 11, with only differences in the length of acyl chain and the location of the double bond thereon. The acyl moieties of compounds 12-14 were characterized as (2S,17Z)-2-hydroxyhexacos-17-enoic acid, (2R,20Z)-2-hydroxyheptacos-20-enoic acid, and (2R,21Z)-2-hydroxyoctacos-21-enoic acid, respectively, on the basis of the analysis of FAMEs thereof (FAME of 12: Ϫ22.0). To the best of our knowledge, this is the first report on the isolation of glucocerebrosides containing saturated C 15 and C 19 acyl chains. This is also the first report on the isolation of isomeric pairs of cerebrosides. a-Hydroxy acyl chains with S-configuration were rather uncommon, and previously reported from bacterial genera Salmonella sp., Klebsiella sp., Serratia sp., Escherichia coli, and so on.
23,24)

Experimental
General Experimental Procedures Optical rotations were measured using a JASCO P-1020 polarimeter. 1D and 2D NMR spectra were recorded on Varian UNITY 400 and Varian INOVA 500 spectrometers. Chemical 108
Vol. 57, No. 1 Animal Material The sponge, Haliclona (Reniera) sp., was collected off the coast of Ulleung Island, Korea in October, 2001, using SCUBA (20 m depth). The collected sample was frozen immediately. The specimen (sample No. J01U-6) was identified as Haliclona (Reniera) sp. by Prof. Sim, C. J. and has been described elsewhere. 5) A voucher specimen of the sponge (registry No. Spo. 45) was deposited in the Natural History Museum, Hannam University, Daejon, Korea.
Extraction and Isolation The frozen sponge (7 kg) was extracted with MeOH at room temperature. The MeOH extract (29.2 g) showed toxicity against brine shrimp larvae (LD 50 126 mg/ml). The MeOH extract was partitioned between CH 2 Cl 2 and H 2 O. The CH 2 Cl 2 layer (6.6 g, LD 50 203 mg/ml) was further partitioned between aqueous MeOH (1.9 g, LD 50 27 mg/ml) and n-hexane layer (3.9 g, LD 50 45 mg/ml). A portion of the n-hexane layer (3.0 g) was subjected to Silica gel 60 (15-40 mm) column chromatography eluting with a gradient solvent system of 100% CH 2 Cl 2 to 100% MeOH, to afford 20 fractions. Fraction 16 (64 mg) was subjected to RP-HPLC (YMC packed J'sphere ODS-H80 column, 250ϫ10 mm, 4 mm, 80 Å), eluting with 96% aqueous MeOH to yield nine cerebrosides 1 (1.7 mg), 2 (0.5 mg), 3 (1.7 mg), 4 (2.3 mg), 5 (0.8 mg), 6 (0.5 mg), 7 (0.9 mg), 8 (1.0 mg), and 9 (0.5 mg). Compounds 10 (1.6 mg), 11 (2.4 mg), 12 (2.3 mg), 13 (3.2 mg), 14 (2.5 mg) were obtained by purification of combined fraction (10-15) by RP-HPLC (YMC packed J'sphere ODS-H80 column, 250ϫ10 mm, 4 mm, 80 Å), eluting with 100% MeOH. Methanolysis of 1 Cerebroside (1.6 mg) was dissolved in methanolic HCl (1.5 ml, 5% 1 N HCl in MeOH), and the mixture was refluxed on a magnetic stirrer for 18 h at 80°C. It was cooled and extracted with n-hexane (3 mlϫ3). The n-hexane layer was evaporated under N 2 to yield the FAME (0.7 mg). Methanolysis of 3 Cerebroside (1.5 mg) was subjected to methanolysis similarly to 1 to yield the FAME (0.4 mg) 61 (2H, m, H-3), 1.28 (24H, m, H-4-H-15 Methanolysis of 6 Cerebroside (0.5 mg) was subjected to methanolysis similarly to 1 to yield a FAME (0.1 mg). Methanolysis of 7 Cerebroside (0.8 mg) was subjected to methanolysis similarly to 1 to yield a FAME (0.1 mg). (1H, m), 3.34 (1H, m), 3.26 (2H, m) 3.17 (1H, m), 1.80-1.10 (53H, m) 16-methyl-heptadeca-1,3,4 Methanolysis of 11 Cerebroside (2.2 mg) was subjected to methanolysis similarly to 1 to yield a FAME (0.15 mg). Preparation of S-and R-MTPA Derivatives of the Fatty Acid Methyl Esters (S)-a-Methoxy-a-(trifluoromethyl) phenylacetyl chloride (1 ml) was individually added to solution of FAME (0.5 mg/CDCl 3 , 0.4 mg/CDCl 3 ) of 10 in pyridine-d 5 (10 ml). The mixture was then stirred at room temperature for 24 h, followed by evaporation under N 2 to yield the R-MTPA derivative. The progress of reaction was monitored by TLC. The same procedure was employed for S-MTPA derivative of FAME of 10. The FAME (0.4 mg/CDCl 3 ) of 11 also subjected to Mosher method similarly to FAME of 10 to yield the S-and R-MTPA derivatives.
Renieroside C 1 (1), 1-O-b b-D-Glucopyranosyl-(2S,3S,4R)-2-[(2S)-2-hydroxypentadecanoylamino]-16-methyl-heptadeca-1,3,4-triol
Renieroside C 4 (4), 1-O-b b-D-Glucopyranosyl-[(2S,3S,4R)-2-(2R)-2-hydroxyhexadecanoylamino]-16-methyl-heptadeca-1,3,4-triol
